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1Y 50 1. INTRODUCTION

In order to facilitate long-range Ulanning, a method
has been evolved at this installation by which resource
requirements to accomplish a given mission schedule can
be grossly estimated. The method is by nature sensitive
to the mission schedule, and the over-all estimates of
the resourzes requirements can be easily adjusted should
changes in the mission schedule occur.

It is the purpose of this report to outline ihe technique
which has evolved from a study of the long-range pro-

5. A TYPICAL FLIGHT

Based on the “typical mission schedule” shown in
Fig. A-l (Appendix A), the requirements for funding
and manpower for the cnsuing fiscal years have been
determined. The schedule shown in Fig. A-1 is strictly
a representative onc for which this Installation would be
responsible in carrying out its commitments to NASA
during the next few years. In looking at the funding
and manpower problems, an effort was made to keep
the information separated into two categories: (1) that
required for the several flight programs and (2) that
required for supporting research and technology (SRT).
Within the flight programs, the funding for each project is
determined by taking the product of spacecraft weight,
number of spacecraft, and a cost factor (dollars per
pound) for each type, weight, and number of spacecraft.
(Sce Figs. B-1 and B-2 of Appendix B.) Total funding for
the flight programs in any given year is equal to the sum
of the funding of the component projects for that fiscal
year. Once the total project funding has been determined,
annual portions of the total are distributed in a roughly
sinusoidal pattern over the fiscal life of the project.

Table A-1 (Appendix A) gives a generalized description
of, and implementation plan for, the projects within the
typical Lunar and Planetary Programs.

gramming problem. The material herein is extracted from
an interpal planning report and is presented only as one
method by which estimates of resource requirements can
be made. Charts and figures required to understand the
technigue are presented together with a simplified step
by step procedural example showing how estimated
requirements are determined for a given project which,
in itself, is a component part of a program and of the
overall installation effort. Kl UT #d P

MISSION SCHEDULE

Table A-2 (Appendix A) presents total Installation
funding required for the typical total mission schedule
as shown in Fig. A-1.

Table A-3 (Appendix A) presents the total manpower
requirements to accomplish the same mission schedule
for the same time period. Again the information is sep-
arated into the same two categories as indicated above.

Table A-4 (Appendix A) shows the total funding for
supporting research (SR), advanced development (AD),
and others from Table A-2 and the corresponding man-
power totals from Table A-3 broken down according to
the activities which contribute to those totals.

In Table A-5 (Appendix A) estimates are made of the
yearly out-of-house funding fraction for each project
(project procurements divided by total project funding).
The theoretical relationship between out-of-house fund-
ing fractions and dollays per man-year then permits a
determination of the total manpower required for the
project in a given year. {See Tables A-4 and A-5 and
Appendix C.)

1
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Iif. PROCEDURAL EXAMPLE

The example belaw indicates the manner in which the
funding and manpower requirements for a typical project
(Project A) were determined over the duration of the
project using the technique previously outlined.

For the purposes of this example, reference is made te
the Project A information shown in the Figures and
Tables of Appendices A, B, and C.

A. Total Project Funding Requirement

Spacecraft weight X Number of
Flights X Cost/lb = § X 10°

1200 X 4X 10= 48
2360 X 12X 7 =198
4500 X 8 X 6=216

These cost estimates are recorded as separate items
under the Project A-class spacecraft heading of Table
A-2 (Appendix A).

B. Yearly Distribution of Project Funding

In accordance with the planned Project A launch dates
of the mission schedule (Fig. A-1, Appendix A), a judg-
ment is next made as to the fiscal distribution of the
funding for these three types of spacecraft as component
cost portions of the total project. These vearly amounts
are also recorded in Table A-2 (Appendix A).

C. Total Project Manpower Requirement

As previously mentioned, manpower requirements
(other than for SR, AD, and others) for the projects are
determined by estimating the out-of-house funding frac-
tion for that project and from the theoretical curves (Fig.
C-1 and C-2 of Appendix C) estimating of the dollars
per man applicable to the project. In the example case
(Project A) the out-of-house funding fractions and dol-
lars per man have been determined and are ag shown
in Table A5 (Appendix A). From here, if we use the
yearly funding figures involved. we can dircetly determine
the yearly manpower requirements to accomplish the
projects portion of the mission schiedule, These manpower
figures are recorded in Talle A-3 (Appendix A).

D. Total Funding of Flight Mission Programs

Funding estimates are similarly made for the remain-
ing projects of the complete program. A total project cost
and ihe vearly funding distribution of that total is then
determined by summing the yearly columns of Table A-2
(Appendix A).

E. Funding of Supporting Research, Advanced
Development, and Others |

The funding estimates for these activities are based
primarilv upon information from ia house sources hav-
ing direct experience in these activities. The criterion
for these estimates has been based upon determining the
sizes of mature research groups required for those tech-
nical areas in which we will probably be involved in
any given year. Once the size of these individual groups
and the total professional requirements are known, it is
then possible to determine the tota} supporting research
manpower required in a given year by multiplying the
number of professionals by an appropriate numbesr for
direct (technical} and indirect support. (The factor used
is 3.64. i.c., the assumed staffing ratio as of September
CY-1.) The increase in manpower for supporting research
(SR} across the years involved is assumed to be linear.
Funding for SR is shown at levels indicated in current
installation budget estimates for the last fiscal year and
for the present one (314,600 and $16.800 per man-vear
respectively). The succeeding fiscal years are at a level
of $17,000 per man-year.

The advanced development (AD) funding and man-
power requirements are based on the principle that the
magnitude of the AD program should amnually be some
portion of the in-house development program. For the
first two fiscal vears (Table A-4, Appendix A), the AD
funding and manpower requirements are those given in
ihe respective installation budget estimates. From ther
on, it is assumed that AD funding will be at a level equal
to one-half of the estimated in-house program furds.
Referving to the theoretical relationship between out-of-
house funding fraction and dollars per man-year in
Appendix C (AD in the Financial Operating Plan for the
FY just concluded was at the over-all rate of $19,800 man-
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year), it is assumed that this cost factor should be roughly
$20,000 man-year for the current FY and from then on.

E. Total Installation Funding Requirements

‘fhe total funding for the fiscal vears under considera-
tion in this plan is determined by adding the increments
for SR, AD, and others from Table A4 (Appendix A) to

REVISION NO. 1

the flight mission programs totals previously determined
(see Table A-2, Appendix A).

G. Total Installation Manpower Requirements

Likewise, the total manpower requirement is the suia-
muation of the project increments and is shown in Table
A-2 (Appendix A).
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APPENDIX A. FUNDING AND MANFOWER REQUIRED FOR A TYPICAL
LABORATORY MISSION SCHEDULE
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I. TYPICAL FLIGHT PROGRAM

For purpuses of estimating funding, manpower, and
facility requirements, a project and mission schedule as
shown in Fig. A-1 has been formulated. It is merely sug-
gested that this schedule has the dimensions of a pro-
gram which may emerge, and for which we may be
responsible. Accordingly, funding and manpower esti-
mates have been made corresponding to this schedule.

In order to test the sensitivily of manpower estimates
to specific implementation plans, two alternative plans
for the development schedule were considered. Each in
a different way provided to some extent for focusing
Installation in-house development on the apparently mo .
advanced (and consequently mcre interesting) projects
while at the same time maintaining reasonable continuity
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oo Fig. A-1. A typical mission schedule
of development engineering effort. From the standpoint  ‘Tables A-1 to A-3 present a summary of the require-
of accuracy, the resulting estimates of required manpower  mnents for one such plan which may be considered
. were not judged to be significantly different. Accordingly,  typical.
.
N l. MANPOWER AND FUNDING

Total funding and manpower figures include allow- facility operations, and others as is indicated in detail in

ances for supporting research, advanced development, Table A-4.
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Table A-1. Description and typical implementation of projects within the Flight Mission Programs

Project

Dascriplion

Implementation

Peoject

Description

Implementation

Lunar Program

Planefory—Interplanetary Pragram

K-3 to K-9 os presently
defined; edditional
follow-on spacecrafl
K-10 to K-15 of the
K-2 type wilh mini-
mum modifications.

Out-af-house systems sub-
contract alter approxi-
mately K-7.

Ay (A._.,C) 1-4

A:1-12

A {C-1}1-8

4 shots:
Incosporating contraciors
electronic subsysiem:,
byt with structure and
reiro-propulsion sub-
syslems redesigned lor
minimum mission of sofl
fonding with 1 7Y
camera. Weight: 1000
1200 1b.

12 shols: a3 presently
dafined.

8 shots:
Incorporaling conlractors
aiectronic subsystems,
but wilh struclure ond
rekeo-propulsion subsys-
tems redesigned and
sizred for increased
londed poyloads.
Weight: 4500 (b. A
third stage requirad.

Qut-of-house systems sub-
confract, teking advan-
tage of the industrial
competence olready
established.

Conlinved according fo the
preseni arrangemen.

Out.of-house systems sub-
cantraclh, with the
assumplion that the
addilional third stage
will be assigned
elsewhere with direct
funding.

Ci{C-1}

C(C-4)

8 shats: dual capabilily.

Weight: 3000 Ib. Same
third stage requirement
as Project A {C-1)

~

shols within decade—
dual capaobitily. To con.
sist of a 3000-1b. mission
capsule, contoining most
of the scientific instru-
mentalion ond collection
equipment, ard o bus of
approximaiely 42,000
Ik {including retro fual).

Qut-of-house systems sub-
contracl, because of
anticipated fechnologi-
cal zhalienge, absence
of long-lerm prajec!
growih polential, and
phasing with Project B.

In-hoyse development for
the mission capsvie and
ov"-of-house systems
subconiract for the bus,
mainly because of ils
size.

4 shots: a3 presenlly
anfined.

9 shols- as presenily
deflinad.

in-house developmenl,

in-house development, to
toke advanlage of lhe
detailed in-house
tamiliarity with this
spacecraft in meeling
the fairly light schedule.

D
{Hi-energy)

2 shols within decade: 2
separate 30CQ-Ib space-
craft to probe the vicini-
lies of planels. A top
stage for the boost
~ehicle will be required.

In-house developmeni,
primarily because of the|
special techaological
challenges involved.
Assumed 1hal 1he sys-
tems tesponsibitili tor
the top stage will be
ossigned elsewhere
with direct funding.

E
[later-
planstary]

6 shols: o series of prabes
utilizing bosic spacecrafl
systems developed for
aother projects. Average
weight: 1400 ib,

Spacecraft to be provided
by systems subcontraci-
ors as o maller some-
what incidental to their
application to other
specific projects.
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Table A-2. Tota! funding required for the typical Flight Mission Programs {spacecraft portion only}

funding required for programs, not including SRT, or C of F.
Spaceraft MNo. of Total prajact 1 FY FY FY FY FY FY FY fY FY
Piojact weight, tb | flights | ¥ K/ cost, SM 2 2 4 5 6 7 ) i 9 16
1-5 750 5 15 56
K 6-9 750 4 8 24 30 25 12 7
10-15 750 é 7 31
A, {AgC) V-4 1200 4 10 48 '3 20 15
A 112 23460 12 198 30 35 35 30 30 20 [14]
A;(C-1)1.8 4500 8 216 1 3 10 30 55 50 40 27
8 1.4 450 4 16 29 13.5 1.5 4
B, 1-9 1400 9 11 139 17 30 35 30 20 7
Ci(C-1)1-8 3000 8 ¢ 216 1.4 5 20 40 50 40 A 21
C.(C-4)1-4 45000 4 L 1620 [ 50 150 le) 350 350 250 160
D 3000 2 18 108 1 10 30 32 20
E1-&6 1400 .} 12 101 1 10 20 10 15 i5 15 5
FLIGHT MISSION PROGRAM TOTAL 72 2066 106 140 191 I 307 476 492 485 343 185
Funding regquired for SRT
Svpporting research and technology % 44 43 52 53 58 0 &3 o7
INSTALLATION FUNDING TOTAL 135 184 239 359 53 550 545 406 252

Table A-3. Manpower requirements for the typicol Fiight Mission Programs

Project EY FY FY FY FY EY FY FY FY
2 3 4 3 [ 7 & 9 10
T —1
K 833 538 138 58
Ay (AgC}1-4 101 156 138
A 1-12 24 195 195 167 167 156 1315
A{C-111.8 81 154 278 234 190 172 222 N
B 14 520 442 186
8 19 572 918 972 833 612 259
Gilc-1.8 114 139 156 138 172 138 222 m
C:(C-4) 14 240 372 484 966 1030 1030 1290 He8
42 .000-Ib slage
3,000:1b spacecrafi 13 102 78 556 650 650 620 496
o 81 278 833 833 612
EN6 81 78 &7 ] 52 52 83 k1
Prozram manpower lotal 2455 2906 2615 227 2813 2735 3144 3248 2315
SRY 1500 1615 1853 2032 2720 2381 2524 2691 2859
INSTALLATION MANPOWER TOTAL 403% 4521 4468 4303 5033 116 5668 593¢ 5174
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Table A-4. funding and manpower requirements for supporting research,
advanced development and othars

. FY FY FY FY FY FY FY FY FY
Actlvity 2 3 ‘ 5 6 7 s 9 10
Supporling reseorch. M 8.2 .5 11.6 13.7 15.6 17.6 19.6 21.6 23.6
men 543 5465 485 802 @20 1037 1155 1272 1390
Advanced developmenl. $ M 12.9 13.0 13.2 13.5 14.0 14.5 15.0 16.0 17.0
man 646 450 460 675 700 725 750 800 850
Qperations and operational equipmenl. M 5.5 15.9 20.2 214 220 225 22.5 22 23.7
men 218 247 355 402 447 464 486 466 4566
Others M 27 30 30 3.0 3.0 30 30 3.0 30
men 153 153 153 153 153 i53 153 153 153
TOTAL M 2%.3 a4.4 48.0 51.6 54.6 57.6 0.1 631 &7.3
men 1580 1613 1853 2032 2220 238 2524 269 2859

Table A-5. Out-of-hause fractions and expenditures per man-year for various projects

FY Fy Y EY FY FY Y Y FY
Project 2 ) 4 5 6 7 ) 9 10
K1.15 0.710 0.800 0.950 0.920
K36 46 ns 103
A {AgC) 1-4 0.924 0.924 0.930
$K 128 128 0o
A 112 0.924 0.950 0.950 0.950 0.950 0.924 0.882
$K 128 150 180 180 180 128 7
A C-1)1-8 0.161 0.450 0710 0.924 0.971 0.971 0.950 0.924
$KX 123 19.5 36 128 290 200 180 120
B 14 0.740 0.740 0.500
$K 385 185 21.5
B 19 0.560 0.640 0.710 0.710 0.673 0.605
$K 334 30.6 36 36 30.5 27
G IC-1)1-8 0.161 0.710 0.924 0.971 0.571 0.971 0.950 0.900
$K i2.3 36 128 290 190 %0 180 99.5
C(C-4) 1-4 0.710 0.924 0.971 0.971 0.971 0.971 0.950 0.924
42,000 Ib sloge % 128 290 200 290 250 150 129
3,000-Ib spacecraf) 0.649 0.675 0710 0.710 0.710 0.710 0.605 0.500
0.6 327 LT 36 LT3 a6 7 2.5
D Hi-energy 0.1561 0.710 0.710 0.710 0.675
{C-4) 1-2 12.3 36 34 36 327
€ Intarplanatary 1-6 0.181 0.924 0.971 0.971 0.971 0.971 0.950 0.924
12.3 128 290 290 260 290 180 128
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APPENDIX B. SPACECRAFT COSTS vs SPACECRAFT
WEIGHT AND NUMBER CF FLIGHTS
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A systematic analysis of the overall program funding
for FY-1 and -2 has revealed a functional relationship
between {\1c average cost per man-year and out-of-house
fraction of each program. In the discussion which follows,

The budgetary information obtained from actual oper-
ating experience during FY-1 and the financial operating
plan for FY-2 when cast into manpower cost vs out-of-
house fraction yields the correlation shown in Fig. C-1
and C-2. For the purpose of this analvsis, the out-of-house
fraction was taken as the ratio of procurement costs {(both
goods and services) to total program (or project) expendi-
ture. The FY-1 cost per man-year was obtained by
dividing the total FY-1 program (project) commitments
by the total (average) manpower engaged in the program
during FY-1. The manpower data were obtained from
cquivalent direct manpower figures selected at four times
equally spaced throughout FY-1; indirect manpower
was distributed by program in proportion to the direct
manpower. The FY-2 cost per man-year was obtained
by dividing the total program cost by the total (average)
manpower required to conduct the program. This man-
power figure was obtained by multiplying the estimated
number of direct professionals by the installation aver-
age as of September FY-2 of 2,63 indircct support. direct
professionals and adding the number of direct nonpro-
fessionals.

The FY-1 and -2 data may be regarded as the “experi-
mental” facts. 1t is apparent fromn this plot that there
exists a functional relationship between the manpower
costs and the out-of-house fraction. An elementary analy-
sis readily reveals what this relationship must be.

Consider the quantity F—the total funds required to
conduct a certain program—of which the fraction x is to
be spent on procurements (for out-of-house services and
hardware). Let y(0) be the cost per man-year for an
“entirely in-house” activity, and y (1}, that for an “entirely

10

APPENDIX C. RELATIONSHIP BETWEEN PROJECT MANPOWER COSTS AND
OUT-OF-HOUSE FRACT!ON OF PROJECT FUNDING

an attempt is made to interpret these findi .¢s in terms
of their practical sperational implications and to show
how such information can be utilized in planning and
estimating for the total program.

I. MANPOWER COST AS A FUNCTION OF OUT-OF-HOUSE FRACTION

out-of-house” activitv. Then the total manpower m(x)
(per vear) required for this program may be expressed as

_ Fx | F(1 —x)
m(x) = D) + 0) {C-1)
Rearranging and solving for F m{x) yields
F y (0)
S =r{x= (C-2)
m{x) 1_’\_4_-\_49)_
¥ (1)

This quantity is the average cost per man-year for a
program which has an out-of-house fraction x.

The function y(x) is the curve shown in Fig C-1
and C-2. The two basic parameters required for obtaining
this curve, g (0) and y (1), were taken to be $10,850 man-
vear and $1 million ‘man-year, respectively. The first
value was obtained by a least square, fit to the experi-
mental points from the FY-2 operating plan. The same
least squares fit resulted in a y (1) value of $1.04
million/man-year when the cost and manpower data
for Project A were weighted three times their normal
value in relation to the twelve other projects (programs).
There are thirteen equations as follows:

8.53;(:) 10° 21.1;(21>)< 10° _ J61 man-years

2168 X 10° |, 30.782 X 10° _ . man-years
y(0) y(1)

0.051 X 108 1.650 X 108

= $.3 man-years

ORI
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¢ i k] i
5363 X 10 7'9"5,X L 524 man-years
y(9) ¥i1)
6.046 X 10” 10.6G8 > 10°
= 579 man-years
5 (0} ¥{1)
7 5 i 4 "
0.298 X 10 0.058 X 10° _ 3y o cears
y{0) y (1)
2.056 X 10° 0.645 X 107 3
= 153 man-years
3 (0} y(1)
r A 3 G
3.262 X 10 5851 X 10° _ 314 man-years
y(0) ¥{1)
0.888 X 10" 2187 £ 10
= 87 man-years
7{0) (1)
1 803 X 10° 1.151 ~ 107
= 183 man-ycars
) (0) y(1) ’
& " '
0859 X 197 19" . 0359 X 107 X107 R6 man-years
1(0) ¥ (1) ’
1.299 X i0® 0.658 ¥ 10*
+ = 108 man-years
3 (0) 3 (1)
6314 0" 2.086 X 10°
+ = 563 man-yeass
¥ () ¥ (1

The $1 million figure appears to be a reasonable round
aumber based. in addition, on both installation and head-
quarters management experience. In the present context,
a completely out-of-kouse program (x = 1) is one in which
all services and hardware pertaining to a program are
obtained from without the element directing the program.
In this sense, the management of the installation (Senior
Staff, Group Chiefs, and other top staff peaple) constitute
a “program office” which manages the rest of the instal-

REVISION NO. i

lation's efforts. Thus, some 125 people will manage in
FY-2 some $124.2 million, or roughly $1 million man-
year. The Headquarters Staff plays the same role vis-a-vis
all of the Centers, and the ratio of total Headquarters
funds (exclusive of C of F funding)} to Headquarters
Staff ($1.521 billion to 1457 people) yields roughly this
same value of $1 million,/man-year.

The average cost per man-yvear for a completely
in-house activity is a strong parameter in determining
the function y (0}, and some care was exercised in obtain-
ing a reliable figure. The y{1) value, on the other hand,
has a lesser influence in any “real” situation, that is, for
any x < 1. For example, consider the eomputation of the
FY-2 Project A manpower requirements for an out-of-
house fraction of 0.924. For a total program funding of
$32.95 million this vields $30.78 million out-of-house and
§2.17 million in-house. Thus, 31 men manage the out-of-
house effort and 231 men, the in-house effort, giving a
total man- ver complement for the Project A program
of 262. No  if in place of $1 million for y (1), a value of
$10 million man-year had been used, the Project A man-
power estimate wonld have been 3 man-vears for out-
of-house and 231 for in-house, giving a total complement
of 234. This differs from the previous 262 figure by 11%.
If the y (1) valuc had been taken as $320,000 /man-year,
as an example of a large underestimate, the manpower
figures would be 93 out-of-house and 231 in-house, giving
z total of 324, or an error of 23%. In this example where
the out-of-house fraction is very large, an underestimate
of y{1) by a factor of 3 yields a 23% ervor in total man-
power; whereas an overestimate by a factor of 10 gives
an 112 error. Thus, if the $1 million value is off by a rea-
sonable amount, say a factor of 2, it would have little
effect on gross program planning.

)l. DISCUSSION

The purpose of the present analysis was to develop
a2 method for estimating program {or group) costs which
would be an improvement over the old practice based

on a $25.000 man-year figure for an in-house type of
activity and $250,000 man-year for an out-of-house activ-
ity. The analysis viclded threc important results:

i1
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1. It showed that there is a relationship between the
average cost per man-year of an activity and the
fraction of the activity which is out-of-house.

3=

This relationship can be represented by a continu-
ous function which involves only two basic param-
eters,

3. This continuous function provides a uniform and
consistent description of al; activities of the Instal-
lation.

The existence of a functional relationship between
average cost per man-year and out-of-house fraction was
suggested by the experimental correlation shown in the
figures. The use of the ratio of procurement costs to total
costs as a measure of the out-of-house fraction was arbi-
trary; however, it is expected to be an adequate yardstick
for comparative purposes.

The experimential correlation is supported by a mathe-
matical treatment based on a simple funding model which
postulates the existence of but two fundamental guanti-
ties: the cost per man-year of an entirely in-house activ-
ity, and the cost per man-year of an entirely out-of-house
activity. The resulting expression for the average cost
per man-year is given as a continuous function of the
out-of-house fraction. Thus, one can describe a variety
of activities with any arbitrary distribution of funds (in
and out). In this context the distinction between an
in-house and an out-of-house program is not as sharply
drawn and, except for comparative purposes, not as

useful. Tt is also clear now that the old method was but
a crude representation by means of a step-function of
the present more precise description.

The rather good comparison of the so-called experi-
mental data and the theoretical relationship suggests the
usefulness of this uniferm approach in treating the total
Installation program. Actuvally, the correlation need not
be limited to analyses by programs. Correlation by work
groups is also valid and perhaps even more informative.
Figure C-§ shows such a graph, along with the appro-
priate points for various special projects. The correlation
reveals that certain work groups (1, 2, 3, 4) exhibit a defi-
nite out-of-house character; whereas the others (5, 6,7, 8)
are, relatively speaking, the in-house elements.

It is important to point out that deviations from the
curve merely reveal that the operation of certain activi-
ties differs from the average. This is te be expected
because in this analysis the eutire Installation—defined
Ly projects or groups—was treated on a uniform basis.
Detail.d analysis shows that major deviations will vecur,
and for any number of reasons; for example, diffcrent
burden rates or different ratios of support staff to direct
protessionals. To account for all these factors in an
«Pempt at an even more [recise treatment would be
essentially a detailed re-analysis of each program (or
division) directors cffort. This is neither the motivation
nor the purpose of the present approach. We present
here simply a tool for quickly obtaining reasonable gross
estimates.

. CONCLUDING REMARKS

An analysis of the FY-1 and -2 experience and plans
has revealed a functional relationship between average
manpower costs and the out-of-house fraction. This cor-
relation is explained by meaus of a simple funding model.

Comparison of the installation average figures for FY-1
and -2 shows a marked trend toward an increasingly
out-of-house type of effort (by some 15%) with an attend-
ant increase in a\vcrage cost per man-year of from $25,000
to $34,400.

t2

The theotatical ~urve shouid be of value *o future
plarming. If kept up to date, it will provide « logical
method for relating available program funds to man-
power requirements. Thus, given a flight program and
a means of estimaling its cost in terms of the number
of units to be delivered (cost per pound of spacecraft),
one can determine in a straightforwa:d manner the man-
power requirements as a function of time, given the
funding and out-of-honse fractiou as a function of time.
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